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I. INTRODUCTION
Recently, the authors have performed three-dimensional quantum mechanical calculations to study the photofragmentation of the HeBr 2 van der Waals ͑vdW͒ molecule. 1 The leading process occurring in this complex is vibrational predissociation ͑VP͒: a photon promotes the molecular system from the ground (X) to an electronically excited (B) state, also depositing energy into the halogen vibrational motion. After several halogen vibrational periods, energy is transferred to vdW modes and the complex eventually fragmentates. A wide range of initial Br 2 vibrational excitations (v 0 ϭ8Ϫ46) was investigated, using simple additive pairwise Morse potentials for both electronic states. For excitations to vibrational levels v 0 ϭ8 to v 0 ϭ38, calculated lifetimes, spectral shifts, average geometries and product average energies compare quite well with the experimental measurements. [2] [3] [4] [5] For higher vibrational excitations, where the Br 2 (B) diatom is close to dissociation, cross section profiles show complicated structures and, besides, spectral shifts and lifetimes exhibit a ''zig-zag'' dependence on v, suggesting that several quasibound states are strongly interacting. Although agreement with experiments is somewhat poorer in this range of vibrational excitations, calculations do successfully reproduce the closing of the ⌬vϭϪ1 channel at v 0 ϭ44 ͑the vdW binding energy is larger than the ⌬vϭϪ1 bromine level spacing͒. At v 0 ϭ45, wherein dissociation can only occur by the loss of two or more vibrational quanta, two resonance peaks of about the same intensity were obtained in the simulated cross sections and, besides, rotational distributions at the maximum of both peaks were found to be fairly similar.
Similar effects have been reported for related rare-gas halogen vdW complexes in the ⌬vϭϪ2 regime ͑where the ⌬vϭϪ1 channel is closed͒. In that situation, a direct mechanism ͑direct coupling of the initial level to the dissociative continuum͒ may compete with intramolecular vibrationalenergy redistribution ͑IVR͒ where energy flows from the halogen vibration to vdW excited modes of the v 0 Ϫ1 manifold prior to fragmentation. In NeI 2 , for instance, an erratic dependence of resonance widths with v 0 was attributed to a configuration interaction effect of a few zero-order quasibound levels. 6 In addition, the ⌬vϭϪ2 regime of ArCl 2 has been widely studied both experimentally 11 and theoretically.
12-15 Janda and co-workers 11 measured product rotational distributions, finding that they are highly structured and very sensitive to the initial Cl 2 vibrational excitation. IVR mechanisms were proposed to explain the experimental findings and, in this way, the ArCl 2 cluster was proposed as an ideal system to investigate IVR phenomena, since very detailed experimental and theoretical studies can be performed for such a relatively simple and small molecule. To explain the experimental findings, Halberstadt et al. 12 invoked a sparse IVR model where the quasibound states involved can be written as
with n labelling the excitation of the vdW modes. The main assumptions within this model were: a͒ The X→B transition intensity is completely due to the ⌿ v 0 ,nϭ0 0 zero-order state, the ''bright'' state, and b͒ only the dark state ⌿ v 0 Ϫ1,nϾϾ0 0 couples directly to the dissociation continuum. As a consequence, two peaks would appear in the excitation spectra ͑where the intensities of the transitions to ⌿ 1 and ⌿ 2 are proportional to ␣ 2 and ␤ 2 , respectively͒. In addition, fragmentation of ⌿ 1 or ⌿ 2 leads to the same product state distribution since it is dominated by the doorway state ⌿ v 0 Ϫ1,nϾϾ0 0 . More detailed theoretical works have subsequently appeared where the previous picture has been refined, using both time-independent 13,14 and time-dependent 15 approaches. On the other hand, the ⌬vϭϪ3 regime of ArI 2 has been a subject of experimental 7, 8 and theoretical 9, 10 work, where it has been found that IVR mediates the fragmentation process.
In view of the theoretical findings on the HeBr 2 ͑B, v 0 ϭhigh͒ dynamics and comparing with ArCl 2 , one may postulate a similar IVR mechanism in the ⌬vϭϪ2 regime of HeBr 2 . Unfortunately, so far it has not been possible to resolve experimentally final rotational distributions in the latter case. Such measurements could shed light on this hypothetical mechanism. At any rate, a deeper theoretical understanding could be obtained by means of the identification of the most relevant zero-order quasibound states as well as the most important couplings ruling both the excitation and the fragmentation processes. In this context, the stabilization theory of dynamics 16 is an excellent framework for quasibound state analysis, as it allows one to recognize the most important zero-order states involved in a complex-mediated dynamics. Recently, the stabilization theory has undergone a renewed impetus: not only the energies of isolated resonances can be computed using square-integrable (L 2 ) wave functions, but also the density of states ͑and thus, resonance widths͒ 17, 18 can be obtained, among many other observables. [19] [20] [21] [22] [23] In addition, this method looks very appealing since it basically involves performing standard bound state-like diagonalizations. At this point, it should be mentioned that complex L 2 methods, imposing absorbing boundary conditions, have been successfully applied to simulate cross section profiles. 24 In the context of vdW complexes, stabilization techniques were used in a twodimensional model of predissociation 25 as well as in VP of NeICl, within the regime of isolated resonances, where also a complex scaling method is employed. 22 As Salzgeber et al. 26 pointed out, it would be very interesting to test this method in more and more challenging situations, such as multichannel decay, overlapping of resonances and threshold effects. In this work we present an application of the stabilization method in a truly non-trivial case, the fragmentation of HeBr 2 (B, v 0 ϭ45), where all the above-mentioned effects are present. Within this approach, the photofragmentation cross section is computed 19 and compared with threedimensional close-coupling calculations. 1, 27 In this way, not only resonance positions and widths but also spectral intensities are obtained. The states causing maximum peaks in the spectrum are identified and studied in terms of their nodal patterns in stretching and bending vibrational modes. A conclusion emerging from this analysis is that, in the region near the Br 2 dissociation limit, resonance states only can be nearly labelled by quantum numbers associated to halogen and vdW vibrational modes, as they result from important mixings of several zero-order states belonging to different v manifolds. In addition to this, and by means of closecoupling calculations, it is shown that not only the (vϭ45, nϭ0) state carries oscillator strength in the optical transition but other ͑excited͒ vdW states belonging to v 45 manifolds do also. The paper is organized as follows. In Section II, the basic equations are presented. Results are reported and discussed in Section III. Finally, a brief conclusion is given in Section IV.
II. THEORY
A. Photofragmentation of rare gas-halogen complexes: overview
The basic quantum theory of photofragmentation of raregas halogen complexes is outlined here. A more detailed presentation is given in Ref. 27 . Within the first order perturbation theory for electric dipole transitions, the total cross section for excitation from a rovibrational bound state i of the electronic ground state X of HeBr 2 is given by
where and e are the frequency and polarization vector of the incident photon, respectively, is the transition dipole moment of the system for the (X→B) electronic transition, ⌿ i (X) and ⌿ f E (B) are bound and dissociative nuclear wave functions with energies E i and EϭE i ϩប, respectively, and f specifies the quantum numbers of the Br 2 (B) fragment. Both wave functions ⌿ i (X) and ⌿ f E (B) are solutions of Hamiltonians of the form:
where Jacobi coordinates are used: r is the vector joining the two Br nuclei, R is the vector going from the center of mass of Br 2 to the helium nucleus, and is the angle between r and R. The reduced masses of Br 2 and HeBr 2 are and m, while l and j are angular momenta associated with the vectors R and r, respectively. V Br 2 ⑀ and W HeBr 2 ⑀ are intramolecular and vdW intermolecular interaction potentials for the ground (⑀ϭX) and excited (⑀ϭB) electronic states. Initial and final wave functions are expanded as follows
where 's are eigenfunctions of the effective Hamiltonian
is a free rotor basis set, 1, 27 where J is the total angular momentum, M and ⍀ its projections onto the space and body fixed z axes, respectively, p i is the parity under nuclear coordinates inversion, and p j is the parity under bromine nuclei exchange (p j ϭϩ1 or Ϫ1 when the quantum number j is even or odd, respectively͒. In Eq. ͑2.3͒, ͕ k Ј (R)͖ are squareintegrable functions belonging to an orthonormal basis set. In Eq. ͑2.4͒, 's are energy-normalized continuum wave functions.
In rare gas-halogen systems, it is usually assumed that the transition dipole moment ͓Eq. ͑2.1͔͒ lies along the halogen axis and, besides, its magnitude is independent of the internuclear distance r. Thus, the total cross section for
can be written as 27,28
͑2.5͒
where
are halogen Franck-Condon ͑FC͒ factors and
͑2.10͒
In addition, selection rules for the transition are p i Ј p i , p j Ј p j , and ⌬Jϭ0,Ϯ1 ͑0 → 0 forbidden͒.
B. The close-coupling method
In the widely used close-coupling method, the expansion given in Eq. ͑2.4͒ is introduced into the Schrödinger equation for H B ͓Eq. ͑2.2͔͒ and, after projection onto the basis functions for interhalogen and angular degrees of freedom, a close coupled system for the set of unknown functions v j⍀ f E (R) is obtained. 27 Such close-coupled equations are solved by means of a suitable propagation method, 29 and applying standard boundary conditions for outgoing waves. 27 The quadrature involved in Eq. ͑2.1͒ is carried out by accumulation at the same time that the propagation is performed, 30 so the continuum wave functions v j⍀ f E (R) are not explicitly obtained.
C. The stabilization method
The stabilization method uses L 2 ͑or ''bound state'' type͒ representations of continuum wave functions which, despite their approximative nature, provide an useful and quite accurate picture of quasibound states involved in scattering resonances. Within this framework, the continuum wave function for the B state ͓Eq. ͑2.4͔͒ is written as an expansion of square-integrable basis functions, similar to the expansion used for the bound X-state calculation ͓Eq. ͑2.3͔͒ ͑electronic state labels are dropped for simplicity͒:
where k (R;␣) functions above constitute an orthonormal
In the present calculations they are discrete variable representation ͑DVR͒ functions obtained from diagonalization of the R-coordinate operator in a primitive harmonic oscillator ͑HO͒ basis set with frequency parameter
where 0 is a reference frequency and ␣ is a dimensionless scale factor. By decreasing ␣, for instance, the DVR basis set expands a larger region in the R-coordinate space ͑since a smaller in the HO basis gives more spreaded DVR eigenvalues͒. For a given value of ␣, a set of discretized continuum wave functions ⌽ m (␣) and the associated eigenvalues E m (␣) are obtained from diagonalization of the Hamiltonian matrix. These functions are bound state-like, i.e., they are orthonormal in the ''Kronecker sense'' and have units of ͓Length͔ Ϫ1/2 . The discrete, stick form of the total photofragmentation cross section is
͑2.13͒
Using a sufficiently small ␣ value, a large density of states can be obtained. In such a case, Eq. ͑2.13͒ would provide a rather smooth function of E analogous to the accurate total cross section ͓Eq. ͑2.5͔͒. This procedure is, however, impractical since a very small ␣ value involves working with extremely large Hamiltonian matrices. As Mandelshtam et al. have proposed, 17, 19 it is better to work on a range of larger values of ␣ and average. In this way, a mean cross section is defined as
where a range of ␣ values varying from ␣ 0 to ␣ 0 ϩ⌬␣ is considered. Inserting Eq. ͑2.13͒ into Eq. ͑2.14͒ and after a few operations, 17 the average cross section is written as 15͒ not too small, they cause a ''bump'' in the photofragmentation cross section. Then, such resonances can be studied by inspection of nodal patterns of the corresponding wave functions. This analysis contributes to the understanding of the underlying dynamics in the fragmentation process. More details on the application of this method are given in the next section.
III. RESULTS AND DISCUSSION
Calculations have been conducted for the allowed transition in HeBr 2 :͑X, v 0 Јϭ0, nЈϭ0, JЈ
, already studied in a previous work.
1 v 0 (v 0 Ј) and n(nЈ) label approximate quantum numbers associated with the bromine stretch and vdW modes, respectively, of the B(X) electronic state. In the expansion of Eq. ͑2.4͒, the size of the vibrational basis has been reduced, with respect to previous calculations, 1 to five vibrational channels (vϭ42,43,44,45,46). Using this smaller basis only leads to small quantitative differences in resonance positions and widths. Parameters of the interaction potentials and further computational details are given elsewhere. 1 In the discussion of results, the following set of zero order diabatic states are considered
⌿ vn 0 and ⌿ vE 0 are discrete and continuum eigenstates, respectively, of the projected Hamiltonian H v ϭ P v HP v , where
The label n indicates the excitation in the vdW modes. Several perturbation approaches based on such zero order states have been successfully applied in this context to study direct dissociation ͑Fermi's Golden rule 32 ͒ as well as in situations where an IVR mechanism mediates in the fragmentation 12 
A. Coherence effects in the excitation process
In photofragmentation of rare-gas halogen complexes it is usually assumed that the initial state (X, v 0 Јϭ0, nЈϭ0) mainly couples radiatively with (B, v 0 , nϭ0) states of the different v 0 manifolds. 32, 15 Such an assumption is supported by: a͒ no Fano-type resonances 33 have been observed, 31 so oscillator strength carried by zero order continuum states must be negligible, and b͒ transitions to states vibrationally excited in the vdW modes (nϾ0) are usually 1-2 orders of magnitude smaller than transitions to the ground vdW state. 31 It is possible that this simplification no longer holds in the case of the HeBr 2 photofragmentation. Indeed, Janda and co-workers 5 reported on an excitation band, blue-shifted to the main v 0 ϭ8 band, which was assigned to a progression in excited vdW modes. In a previous theoretical work, 1 however, we could not reproduce the relatively high intensity of such a band, concluding that more sophisticated X and B interaction potentials should be used in order to achieve a better agreement with experiment in this particular aspect.
Although here we continue to use the same interaction potentials, 1 it is worth testing the assumption of the ground vdW state being the only optically active state in a very different situation as it is found for very high initial excitations v 0 . In this case, the zero order ''bright'' state (v 0 , nϭ0) faces discrete vdW-excited states belonging to the v 0 Ϫ1 manifold, the latter states being ''candidates'' for doorway states in an IVR mechanism. It should be noted that, for v 0 Ͼ31, FC factor F(0, v 0 Ϫ1) is larger ͑in absolute value͒ than F(0, v 0 ) Ref. 34 ͑for example, ͉F(0,44)͉Ϸ1.06͉F(0,45)͉). So, although there were small overlaps between the vdW parts of the (X, v 0 ) state and the (v 0 Ϫ1) components of the B state ͓see first factor in Eq. ͑2.5͔͒, this feature would show up in the total cross section.
Two types of ''artificial'' close-coupling calculations are presented in this section, together with the accurate one ͑al-ready described in Sec. II B͒. In the first artificial calculation, it is assumed that FC factors involved in Eq. ͑2.6͒ are
͑3.2͒
with v 0 ϭ45. If the difference between the accurate results and the present approximation is negligible, it would mean that the excitation process is just dominated by the optically active state (v 0 ϭ45, nϭ0). Complementarily, in the second ''artificial'' calculation it is assumed that
͑3.3͒
This second scheme tests the possibility of direct optical transition to either discrete or continuum states of v 45 manifolds.
In Fig. 1 , total cross section is compared with the artificial calculations previously described. As can be seen, there is a noticeable difference between the full calculation and the approximate one where only states belonging to the vϭ45 manifold carry oscillator strength. Whereas positions of the resonances are almost unchanged, the ratio between peak maxima are not well described within the approximation under consideration. By looking at the results of the second artificial calculation, it is noticed that states belonging to v 45 manifolds do carry oscillator strength. In other words, the continuum wave functions ͓Eq. ͑2.4͔͒ have components v 45 f E (R) with non-negligible amplitudes in the interaction region and thus, with a non-zero overlap with the ground state wave function ͓see Eq. ͑2.5͔͒. Moreover, the second artificial calculation gives a structured, resonant-like line shape, exhibiting two peaks whose positions and widths are roughly comparable to those of the ''exact'' calculation. This fact suggests that absorbing states are ''quasibound'' and, most probably, they correspond to the vϭ44 manifold. The larger intensity of the peak located at EϷϪ14.22 cm Ϫ1 indicates that the corresponding resonance state has larger components on such quasibound states. On the other hand, it is clear from Fig. 1 that addition of #1 and #2 cross sections does not yield the full one. In other words, there is an important ͑constructive͒ interference effect between excitation paths leading to states belonging to either vϭ45 or v 45 manifolds. In short, it has been shown here that to consider the (v 0 , nϭ0) state as the only optically active one is a poor description for the case of very high v 0 excitations in HeBr 2 .
B. Stabilization line shapes
Stabilization calculations for obtaining the v 0 ϭ45 line shape were conducted using the same rovibrational channels as in the close-coupling calculations, i.e., 12 rotational and 5 vibrational basis functions. For the vdW stretching mode, R, 30 DVR functions were included, where the harmonic oscillator reference frequency was chosen to be that corresponding to the harmonic approximation of the interaction potential at the T-shape configuration, i.e., ប 0 ϭ22.45 cm Ϫ1 . The scaling parameter ␣ was varied from 0.0800 to 0.9710 in steps of 0.0045. The B state Hamiltonian matrix was successively diagonalized for the ␣-dependent basis set. The resulting stabilization diagram 16 ͑plot of ␣ versus eigenvalues͒ is shown in Fig. 2 . In this figure, it can be noticed that in the middle of a ''bath'' of unstable curves there are two stability regions around -14.22 and -12.81 cm Ϫ1 . Thus, this diagram shows that there are two quasibound states in the region explored. As ͉dE m /d␣͉ Ϫ1 terms have quite large values around the energies above indicated, two bumps in the total cross section are expected provided that the corresponding overlaps in Eq. ͑2.15͒ are not too small.
The calculation of the matrix elements involved in Eq. ͑2.15͒ has been simplified here. Instead of computing the X ground state and including •e in the quadrature, the overlap between the zero order state (vϭ45, nϭ0) and the stabilization wave functions, ͉͗⌽ m B (␣ m *)͉⌿ vϭ45, nϭ0 0 ͉͘ 2 , is computed. This calculation can be directly compared with the above-reported artificial close-coupling calculation where the only non-zero FC factor is F(0,45) ͓Eq. ͑3.2͔͒. In fact, it has been checked that close-coupling calculations performed a͒ using the approximation given by Eq. ͑3.2͒, and b͒ taking into account the simplifications mentioned above, give identical results after scaling by a global factor.
In Fig. 3 , the stabilization line shape is compared with the corresponding scaled close-coupling one. It can be seen that the stabilization method reproduces fairly well the accurate calculations. Positions and widths of the resonances extracted from either calculation are almost identical, and the ratio between maxima of the two peaks is well described. The two calculations only differ in the intermediate region. This is due to the fact that a larger range in the scaling parameter ␣ should be used. This was not done because a much larger basis set would be needed to achieve full convergence.
The previous result indicates that stabilization calculations give a good simulation of photofragmentation cross sections, although so far it is not a competitive method in comparison with the more efficient close-coupling approach. However, within the close-coupling method it is a difficult task to obtain quasibound wave functions involved in the predissociation dynamics. Stabilization calculations, in turn, allow one to examine quasibound wave functions, which is the subject of the next paragraph.
C. Resonance analysis from stabilization calculations
In order to facilitate the discussion below, we will refer to the resonances located around -14. 
͑3.4͒
The density function for the vdW degrees of freedom, R and , is also extracted:
where m v is the v component of such a density function:
Moreover, weights of a given halogen vibrational state are computed:
In addition, a zero order basis set, analogous to that given in Eq. ͑3.2͒, is considered
where the only difference with respect to the basis of Eq. ͑3.1͒ is that, here, all wave functions are square-integrable since they are obtained from diagonalization of the Hamiltonians H v defined above. Then, some zero order states represent discretized continua and thus they explicitly depend on the stabilization parameter. In order to assign the stabilization quasibound states to quantum numbers within this framework, overlaps with zero-order states are obtained:
satisfying ͚ n w m vn ϭw m v . Before presenting the results corresponding to the v 0 ϭ45 level, it is worth describing what happens at the simpler v 0 ϭ25 case, which is in the ⌬vϭϪ1 regime and where effective couplings are weaker. Perturbation approaches based on zero order states defined above become highly accurate and, in this way, dissociation can be viewed as a simple mechanism where the ⌿ vϭ25,nϭ0 0 state couples directly to the continua of the vϭ24 manifold. In fact, the zero-order resonance position, E 0 ϭϪ13.29 cm Ϫ1 , is close to the exact value EϭϪ13.32 cm Ϫ1 , and the Fermi's Golden Rule rate, 1 ⌫ 0 ϭ0.189 cm Ϫ1 , compares satisfactorily with the close-coupling result, ⌫ϭ0.191 cm Ϫ1 . Also, stabilization calculations performed in this case yield resonance line shapes in perfect agreement with the close-coupling ones. In the corresponding stabilization diagram, an almost straight line at the resonance position is found crossed by multiple curves corresponding to very unstable continua. As expected, wave functions corresponding to the stable resonance curve are very similar, and almost independent of the stabilization parameter, to the zero-order state (vϭ25, nϭ0). In these stable regions, weights of vibrational states v 25 are almost negligible, and only when a crossing with an unstable curve occurs, larger v 25 components are found as there is a mixing between the quasibound state and continuum states ͑which have their largest components on vϭ24).
A more complex situation is expected for v 0 ϭ45 since the ⌬vϭϪ1 channel is closed and effective couplings are much stronger. In Table I , the set of bound zero-order energies, referred to the Br 2 (vϭ45) level, are shown. Note that only states of the jϭeven parity block are displayed here. Apart from discrete-continuum or more complex interactions, one would expect the (vϭ45, nϭ0) zero-order level to couple with the bound states of the vϭ44 manifold. The zero-order resonance position is thus given by the energy of the (vϭ45, nϭ0) state, E 0 ϭϪ10.157 cm Ϫ1 . Notice how far this estimation is from the accurate L and R resonance positions ͑Ϫ14.22 and Ϫ12.81 cm Ϫ1 , respectively͒. Moreover, it should be stressed that, within this approximation, the ⌬vϭϪ1 channel would be open (vϭ44 threshold is at EϭϪ11.65 cm Ϫ1 ). It is foreseen that, in this regime, such a zero order scheme hardly gives a reliable picture of the intramolecular dynamics, but rather it must result from a complex configuration-interaction effect.
Weights and density functions were obtained for several selected values of ␣, denoted as ␣ l (lϭ1,2, . . . ). They were chosen following two criteria: a͒ one of the corresponding eigenvalues is very close to one of the resonance energies, E m (␣ l )ϷE L or E R , and b͒ E m (␣) is a fairly smooth and stable function around ␣ l . The corresponding wave functions represent the L and R quasibound states involved in the process. Weights of different v states are presented in Tables  II and III, for resonances L and R, respectively. Also, the leading zero-order components, n*, ͑those having the largest weight, w m vn* , at each v) as well as the corresponding weights are reported in those Tables. As can be seen, resonance L is dominated by the (vϭ44, nϭ3) state, whereas resonance R has its largest weight on (vϭ45, nϭ0). Note, however, that in general w m vn* ϽϽw m v , i.e., other components (v,n) different to the leading one (v,n*) are important at each v. In addition, note that vϭ42,43 continuum states have very important weights. It is a bit surprising that, for some ␣ values apparently rather far from a crossing region, such weights are so large ͑compare with the v 0 ϭ25 case discussed above͒. Nevertheless, whereas (vϭ45, nϭ0) and (vϭ44, nϭ3) states contribute to the resonances all along the stabilization diagram, n* for vϽ44 varies with ␣ ͑it has been checked that different n labels do involve distinct nodal structures in the corresponding zero-order states͒. Thus, although continuum vϭ42,43 components are always very important, they appear as more ''spurious'' than the discrete vϭ44,45 ones. Therefore, and in spite of many other nonnegligible contributions, it can be recognized that the (vϭ44, nϭ3) and (45,0) zero order discrete states neatly describe the stable portion of these resonances. Actually, a different zero order separation of the Hamiltonian should be considered in order to represent the interaction levels in terms of simple ''bright'' and ''dark'' states as required within the frame of sparse IVR models. [12] [13] [14] [15] On the other hand, the usual parametrization on the vibration of the diatomic partner leads to the use of the present zero order separation. In this context one may identify the L and R resonances mainly to correspond to (vϭ44, nϭ3) and (45,0) zero order states, respectively. Note that this assignment is in accord with the strategy adopted in the previous work, 1 i.e., to consider the highest peak found in the corresponding line shape calculations as representative of the v 0 level under study. However, such an agreement can be merely casual. Because of the presence of the two factors determining the behavior of the cross-section, Eq. ͑2.15͒, it would be possible that the maximum peak be due to a different zero order state contributing with very high derivatives. In this sense, quasibound state analysis through stabilization calculations provides a way to accurately assign v 0 -dependent magnitudes as energy shifts and widths.
Some of these findings are better displayed in a pictorial way. Density functions and weights w m vn are reported for two values of ␣ corresponding to lϭ1 and lϭ2 of Tables II and III, respectively. In Figs. 4 and 5 , and for resonances L and R, respectively, are presented: a͒ interhalogen density functions ͑solid lines͒; b͒ vϭ45 component of the vdW density functions; c͒ the same for vϭ44; and d͒ weights of the different zero-order configurations, (v,n). Figs 4͑a͒ and 5͑a͒ illustrate that the bromine vibration, within the complex, is no longer well defined. For the sake of comparison, density functions for the isolated bromine at vibrational states vϭ44 and vϭ45 ͑dashed lines͒ are depicted in Figs. 4͑a͒ and 5͑a͒, respectively. For both resonances, it can be seen that the highest probability density is reached at very large interhalogen distances. The short range part of the density functions exhibit a better-defined nodal structure. This is due to the strong similarity that highly excited wave functions have there. On the contrary, at long distances pure vibrational functions do differ and the result of the addition given by Eq. ͑3.4͒ is a less structured and very broad probability density. In Figs. 4͑b͒ and 5͑b͒ it is shown that both vϭ45 components of L and R resonance states look like ground vdW states. Figs. 4͑c͒ and 5͑c͒ display nodal patterns of the (vϭ44, nϭ3) but, nevertheless, there are other zero order states (vϭ44, n) contributing to resonances. This effect is stronger in the case of the R resonance, where states (vϭ44, nϭ2) and (vϭ44, nϭ6) bring non-negligible weights ͓note that (vϭ44, nϭ6) is a continuum state͔. The latter contributions are the origin of the differences in nodal structures of vϭ44 L and R density functions. Finally, in Fig. 6 , zero-order (vϭ45, nϭ0) ͑6a͒ and (vϭ44, nϭ3) ͑6b͒ vdW density functions are shown. Zero order state (vϭ45, nϭ0) and the vϭ45 components of both resonances ͓Figs. 4͑b͒ and 5͑b͔͒ are fairly similar, although the latter are much more localized as a result of an overall configuration interaction effect. On the other hand, the (vϭ44, nϭ3) zero order state exhibits a strong similarity with the vϭ44 component of the L resonance ͓compare Figs. 4͑c͒ and 6͑b͔͒, but not with the same component of the R resonance, as expected in view of histograms of Figs. 4͑d͒ and 5͑d͒.
IV. CONCLUSIONS
The fragmentation dynamics of HeBr 2 (B, v 0 ϭ45) has been studied by means of stabilization as well as closecoupling methods. Stabilization total cross sections agree with the close coupling ones, although the former is still a less efficient method. Stabilization calculations, however, allow a closer inspection of the underlying dynamics. Furthermore, the stabilization formula for the total cross section ͓Eq. ͑2.15͒, see also Ref. 19͔ would be useful to study fragmentation processes where more than one bond can be bro- ken ͑for instance two rare gases-halogen systems [35] [36] [37] ͒ since in such situations simple close-coupling expansions become impractical.
It is found that HeBr 2 at high v 0 excitations is a strongly coupled system, where it is difficult to assign resonances to simple quantum numbers either in stretch (r and R) or bending modes. In an approximate way, intramolecular dynamics in HeBr 2 (B, v 0 ϭ45) proceeds via coupling of the (vϭ45, ground͒ zero-order state, which carries the largest oscillator strength, with the (vϭ44, nϭ3) state corresponding to a vdW bending excitation. There are, however, non-negligible couplings with bound and continuum states of vϭ44 and other v manifolds. Moreover, doorway states do not appear to be as ''dark'' as could be supposed. By performing some artificial calculations within the close-coupling approach, it has been shown that in the excitation process a coherent state is prepared ͓although (vϭ45, ground͒ still carries the largest component͔ and thus interference effects in the excitation spectra are significant. Relatively simple IVR models which have been successfully used in related systems ͑such as, e.g., ArCl 2 Refs. 12,13,15͒ might be applied only by starting with a zero-order separation of the Hamiltonian different from the ͑standard͒ used here.
One of the main characteristics of rare gas-halogen complexes is that the weak vdW interaction does not perturb significantly the halogen vibrational motion or, in other words, the halogen vibration is usually a fairly good quantum number. We conclude in this work that this is not any longer the situation for the HeBr 2 (B, v 0 ϭhigh͒ dynamics. As Br 2 and He-Br 2 vibrational frequencies become closer, the halogen subunit does not retain its identity. The complex could be seen as a very ''loose'' molecule where average internuclear distances are quite large. To obtain more insight into the intramolecular dynamics of HeBr 2 (v 0 ϭhigh͒, some other perturbation schemes taking into account the latter arguments should be devised.
